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(g) Method of and apparatus for contacting fluids and particulate materials. 

@ A method of and apparatus for the pyrolysts of particulate 
material by a continuous process using heat medium particles in 
a combustion chamber (12) and a pyroiysis chamber (10) 
arranged side-by-side and connected by an upper interconnec- 
tion passageway (18) extending between the chambers, and a 
return passageway (19). The particulate material is fiuidized in 
the chambers and induced to circulate therebetween by the 
configuration of the chambers and passageways and/or the 
nature of the fluidlzation. The particulate material is heated in the 
combustion chamber (1 2) and then circulates through the upper 
passageway (18) to mix with and heat fresh feed material 
introduced into the pyroiysis chamber (10) giving off process 
vapours- 
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"METHOD OF AND APPARATUS FOR CONTACTING FLUIDS 
AND PARTICULATE MATERIALS" 
This invention relates to a method of and apparatus 
for contacting fluid and particulate material. The 
5 invention has application to a broad range of processes 
and it embodies the generic concept of fluidizing a 
particulate material in a manner such that the material 
is induced to circulate through two or more chambers and. 
in so doing, make contact with fluid or other particulate 
10 matter in the respective chambers. 

The method and apparatus are particularly adapted 
for use in the pyrolysis of particulate material by a 
continuous process utilising heat medium particles. 
Throughout this specification where the term "continuous 
15 process" is used it is to be understood to refer to a 
process as distinct from a batch process and may. for 
example, include the intermittent feed of fresh material 
into the process system. 

It is desirable to provide a method of and apparatus 
20 for the pyrolysis of particulate material which will 

enable that material to be heated in an efficient and yet 
simple manner without the necessity for the use of 
complex transfer or heating equipment. 

It is therefore an object of the present invention 
25 to provide a method of and apparatus for the pyrolysis of 
particulate material which will go at least part of the 
way toward meeting the foregoing desiderata in a simple 
yet effective manner, or which will at least provide the 
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public with a useful choice. 

Accordingly in one aspect the invention consists in 
a method for the pyrolysis of particulate material by a 
continuous process utilising heat medium particles 
characterised by the provision of two adjacent chambers 
b-ing a pyrolysis chamber and a combustion chamber, each 
containing a fluidized bed of particulate material 
wherein the heat medium particles are heated in the 
combustion chamber and overflow by natural circulation 
through an upper interconnection into the pyrolysis 
chamber where they mix with and heat fresh particulate 
material fed into the pyrolysis chamber causing the 
Particulate material to give off product vapours, the 
heat medium particles and particulate material then 
Passing into the combustion chamber and being re-heated 
and re- cycled through the upper interconnection into the 
Pyrolysis chamber as heat medium particles, surplus 
particles being removed from at least one chamber to 
maintain a predetermined quantity of particles in the two 
* chambers. 

Preferably the heat medium particles and particulate 
material are passed from the pyrolysis chamber to the 
combustion chamber through a lower return passage located 
adjacent the bottom of the two respective chambers. 

Alternatively the heat medium particules and 
Particulate material are passed from the pyrolysis 
chamber into the combustion chamber by a second upper 
interconnection at a location remote from the first said 
upper interconnecton. 

Preferably the surplus particles are removed from 
the combustion chamber. 

In a further aspect the invention consists in 
apparatus for the pyrolysis of particulate material by a 
continuous process utilising heat medium particles, said 
apparatus comprising: two adjacent chambers being a 
Pyrolysis chamber and a combustion chamber, each being 
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provided with means to maintain a fluidised bed of 
particulate material therein, an upper interconnection 
between the chambers so positioned in conjunction with 
the configuration of the combustion chamber that 
particles heated in the combustion chamber overflow 
through the upper interconnection into the pyrolysis 
chamber, feed means arranged to feed controlled amounts 
of fresh particulate material into the pyrolysis chamber, 
a return passage from the pyrolysis chamber to the 
combustion chamber shaped and positioned for circulation 
of particles between the chambers through the upper 
interconnection and the return passage* and removal means 
arranged to remove surplus pszticlss f rem At leset cue 
chamber to maintain a predetermined quantity of particles 
in the two chambers. 

Preferably said return passage is located in the 
lower part of the two chambers. 

Alternatively the return passage comprises a second 
upper interconnection at a location remote from the first 
said upper interconnection* 

Preferably said removal means is located in the 
combustion chamber. 

Preferably the pyrolysis chamber is shaped with at 
least one upwardly inwardly converging side wall causing 
an upward acceleration of the fluidized particulate 
material therein toward the first upper interconnection. 

Preferably the side wall of the pyrolysis chamber 
below the first upper interconnection is provided with an 
inwardly upwardly sloping wall arranged to promote the 
upward movement of particulate material and entrain gas 
bubbles causing particulate material entering the 
pyrolysis chamber through the first upper interconnection 
to be entrained in an upward movement for circulation and 
mixing within the pyrolysis chamber. 

Notwithstanding any other forms that may fall within 
its scope* one preferred form of the invention and 
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variations thereof will now be described by way of 
example only with reference to the accompanying drawings 
in which:- : 

Fig. 1 is a diagrammatic cross-sectional elevation 
of apparatus for the pyrolysis of particulate material 
according to the invention; 

Fig. 2 is a diagrammatic cross-sectional elevation 
of a third alternative form of apparatus providing for 
separate flow paths of gas and/or vapour entering and 
exiting from the apparatus; 

Fig. 3 is an enlarged cross-sectional elevation of 
the passages between the chambers of the apparatus shown 
m Fig. 2; 

Fig- 4 is a schematic plan view of an alternative 
layout of the two chambers; 

Fig. 5 is a schematic plan view of an alternative 
configuration providing for plug flow; and 

Fig. 6 is a schematic plan view of a still further 
alternative configuration. 

The invention will firstly be described with 
reference to Fig. 1 in whi ch a simple form of retorting 
device is described in which the invention may be put 
into effect. 

As shown in Figure 1. the retorting device comprises 
a pyrolysis chamber in the form of an outer cylindrical 
chamber 10. which is defined by a wall 11. and an inner 
combustion chamber 12. The inner chamber 12 is defined 
by a wall i3 which has a generally f rusto _ conical forHU 

The two chambers 10 and 12 are located above a base 
14 which incorporates a central apertured or grid-type 
Plate 15 through which air is passed in use of the 
retort. Air is directed into the chambers 10 and 12 by 
way of the plate 15. from a lower chamber 16 which is 
connected to a source of pressurised air by a pipe 17. 

Upper and lower passages 18 and 19 connect the two 
chambers 10 and 12. such passages permitting free flow of 
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material between the chambers in the direction indicated 
by the heavy arrows. 

The upper region 25 of the central combustion 
chamber 12 is. encircled by a cylindrical wall 26, and a 
duct 27 which communicates with the upper chamber region 
25 is employed for extracting waste gases of the 
combustion which occurs within the central chamber 12, 

The wall 26 also forms an inner wall of an annular 
chamber 29 which is located above the outer pyrolysis 
chamber 10 and two outlet ducts 30 are provided for 
conveying from the retort product vapours and gases which 
are released as a result of heat exchange between fresh 
feed material and recirculated heat medium material in 
the outer chamber 10. 

Additionally, a product return line 31 may be 
provided for directing a proportion of the product gas 
and vapour back into the outer chamber 10, for use as a 
fluid izing medium and/or for product improvement. ' An 
inlet passage 22 enters the chamber 10 through wall 11. 
The inlet passage 22 provides for admission of feed 
material to the outer chamber 10 of the retort. 

An outlet conduit 23 is provided adjacent the bottom 
of the outer chamber 10 for bleeding spent feed material 
from the retort. 

In operation of the retort, fresh feed material such 
as coal or oil shale in particulate form is admitted to 
the outer chamber 10 by way of the inlet passages 22 and 
is contacted with heat medium material which has 
previously been passed through and heated in the inner 
chamber 12. During the time that the material is 
resident in the outer chamber 10 it is maintained in a 
fluidized state by air which is admitted to the chamber 
by way of the grid 15 and/or by gaseous and vapour 
products which are released by the feed material as a 
result of heat exchange between the heat medium material 
and the feed material. 
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in the form of outlet conduit 23. The rate of bleeding 
of the spent material is balanced with the infeed of 
fresh feed material, so as to maintain a constant volume 
of mater ial within the retort and so as to maintain 

5 optimum recovery of product vapours and gases from the 
material in the outer chamber 10. 

The upwardly mobile product gases and vapours from 
the outer chamber 10 are collected in and carried from 
the retort by way of the ducts 29. 30 and the waste gases 

10 of combustion in the inner chamber 12 pass out through 
the duct 27, 

Start-up of the retort is effected by flame heating 
the material within the retort until the required 
operating condition are reached. The operating 

15 temperatures might typically be 550°C in the outer 
chamber 10 and 900°C in the inner chamber 12, 

The retort device which is illustrated in Figure 2 
of the drawings comprises a housing 32 which is mounted 
above two partitioned cavities 34 and 35. The housing 32 

20 has a generally rectangular cross-section, as viewed in 
plan, and a mesh-type grid 36 is interposed between the 
cavities and the housing. 

The housing is divided into first and second 
chambers 37 and 38. which may be referred to respectively 

25 as combustion and pyrolysis chambers, and the first 

chamber is configured such that its cross-sectional area 
decreases over approximately two-thirds of the height of 
the chamber. Thus, the first chamber 37 is defined by 
one wall 39 which inclines inwardly and upwardly and 

30 which intersects a downwardly inclined ledge 40 forming a 
throat 42 in the combustion chamber ♦ 

The two chambers 37 and 38 are separated by a 
partition wall. 41. 43 in which is provided an upper 
interconnection 44 and a lower interconnection 46. The 

35 upper interconnection comprises an opening between the 

lower part 41 of the partition wall and the upper part 43 
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and is located in the region of the throat 42. The upper 
interconnection 44 extends through the wall and then 
downwardly in a parallel sided portion formed by a baffle 
4 3A. m this manner a passageway is formed extending 
5 between the upper reaches of the combustion chamber 37 
and the pyrolysis chamber 38. 

The dividing wall 41 terminates short of the base 45 
of the housing and defines a second passageway 46 which 
permits communication between the lower reaches of the 
10 first and second chambers. 

Two exhaust ducts 47 and 48 are located above the 
first and second chambers 37 and 38. and a feed material, 
inlet 49 extends into a side wall 50 of the housing. 
Additionally, an outlet 51 for spent feed material is 
located in the combustion chamber, preferably toward the 
upper edge of the ledge 40. 

In operation of the apparatus shown in Figure 2. 
feed material in particulate form is loaded into the two 
chambers and. ignoring start-up conditions, residual 
carbon in the material in the first chamber 37 is 
combusted by exposing the (already hot) material to 
combustion supporting air. The air is delivered to the 
first chamber 37 by way of the cavity 34 and at a 
pressure sufficient to fluidize the particles in the 
25 first chamber. Fluidization is maintained at a level 

sufficient to sustain the particles in a fluidized state, 
but the pressure of the admitted air is not so great as 
to cause entrainment and exhausting of significant 
quantities of the particles. 

Due to the profiling of the first chamber 37 and the 
consequential existence of upwardly accelerating fluid 
forces, the fluidized particles within the first chamber 
are moved progressively upwardly through the chamber and 
they then spill over the lip of the wall 41 to enter the " 
second chamber 38 by way of the first passageway 44. On 
entering the second chamber 38. the particles have a high 



20 



30 



35 



2601S 



0117634 

" tempera ture , resulting from retained heat of combustio of 
the residual carbon of the particles. Thus, the 
particles may be referred to as "heat medium particles". 

Gaseous products of the combustion process are 
exhausted through the duct 47 and, being upwardly mobile, 
tend not to enter the second chamber 38 with the heat 
medium particles. 

On entering the second chamber 38. the heat medium 
particles react with fresh feed material, which is 
admitted to the second chamber 38 by the feed inlet 49, 
and the consequential heat exchange between the particles 
causes gas and vapour products to be released from the 
feed material at all levels throughout the chamber 38. 
The released gas and vapour products tend to induce 
fluidization of the heat medium and feed particles within 
the second chamber 38 but. if the fluidizing effect of 
such products is insufficient to cause a required level 
of fluidization. a supplementary f luidizating medium may 
be admitted to the chamber 38 by way of the cavity 35. 

The gas and vapour products which are released in 
the reaction bed within the chamber 38 are exhausted 
through the duct 48 and. if required, a portion of the 
exhausted gas and vapour products may be fed back into 
the second chamber 38. by way of the cavity 35. to act as 
the fluidizing medium. 

The particles within the second chamber 38 are 
induced to move progressively downwardly through the 
chamber, as a consequence of the upward movement of the 
particles in the first chamber 37 and the particles are 
thereby induced to pass through the passageway 46 to 
enter the first chamber 37. 

Thus, as in the previously described embodiments of 
the invention, the fresh feed material and the heat 
medium material is circulated through the retort without 
the assistance of any mechanical contrivances. 

A proportion of the spent material which passes into 
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the combustion chamber 37 is removed from that chamber by 
way of the outlet 51. so that the total volume of 
material within the two chambers 37 and 38 remains 
substantially constant with addition of the fresh feed 
material* 

The pyrolysis chamber side of the lower dividing 
vail 41 is also profiled to a particular configuration as 
may be most clearly seen in Figure 3. The lower edge of 
the wall 41 is brought to a wedge-like configuration 
xmmedxately above the passageway 46 and is provided with 
an upwardly inwardly inclined surface 41B protruding into 
the pyrolysxs chamber. This surface is terminated by an " 
upwardly outwardly inclined shelf 41A located below the 
outlet from the passageway 44. This configuration has 
the advantage that bubbles 52 from the gas inlet grille 
36 or from the pyrolysis reaction form on the sloping 
surface.41B and enlarge as shown at 53 while travelling 
upwardly along the surface. The bubbles break away from 
the surface at the intersection point 54 creating a 
highly aerated zone at the exit from the passageway 44 - 
Solxds emerging from the passageway 44 are drawn into the 
wafce of the bubbles in an outward direction giving rise 
to overall circulation in the fluidized bed. This 
configuration helps to prevent the solids -short 
25 circuiting-. i. e . proceeding directly from the outlet 

from the passageway 44 to the lower interconnection 46. 

It is a further feature of the lower wall 
configuration that the sharp tip 55 allows the use of a 
small non-aerated zone 36A in the gas inlet grille 36 
The small non-aerated zone means that a low clearance can 
be used between the tip 55 and the grille 36. helping to 
Prevent the undesired passage of gases from one chamber 
to the other. Should it be found that gas mixing from - 
one chamber to the other is a problem then it is possible 
to inject an inert gas such as steam into the locality of 
the passageway 46 (and in some cases even into the upper 
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connecting passage 44) to block the gas transfer* 

It is also desirable that the upper interconnecting 

passageway 44 is provided through a downwardly facing 

chute 56 to ensure low gas leakage. The chute preferably 
5 has parallel or diverging sides so that solids will not 

become jammed and the chute can therefore be narrowed to 

inhibit gas leakage. 

Although the invention has been described thusf ar in 

the context of retorting devices, it is to be understood 
10 that the invention does have other applications. Some of 

these envisaged applications are as follows. 

(a) Oil shale retorting. 

(b) Gasification of solid fuels, particularly very 
high ash material. 

15 (c) Hydrogen generation - particularly from high 

ash material such as spent shale, washery waste. 

(d) Waste heat recovery from very dirty gas 
streams. The gas gives its heat to a solid 
which is transferred to another chamber where 

20 it is used to preheat another gas stream. 

(e) Filtration: The solids in a dirty flue gas are 
trapped in one chamber, and blown off in the 
other. 

(f) Flue gas cleaning. S0 2 is absorbed in one 

25 chamber and desorbed in another for recovery. 

(g) Recovery of sulphur from pyrites ( FeS 2 ^* The 
FeS 2 is heated in one chamber to give FeS + S 
and burnt in the other chamber to give S0 2 + 
heat. Half the sulphur is recovered as sulphur 

30 rather than as S0 2 « 

Hydrogen generation may be effected in a device of 
the type shown in Figure 2. by admitting particulate coal 
to the second chamber 38 by way of the feed inlet 49 and 
by subjecting the coal particles to a fluidizing medium 

35 in the form of steam. The steam is admitted to the 
chamber 38 by way of the lower chamber 35 and the 
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from left to eight and at the other end solids are thrown 
from right to left as shown diagrammat ically in Figure 
4. In this situation solids are overthrown at 60 from 
the combustion chamber 61 to the pyrolysis chamber 62 
adjacent one end 63 and are returned, also by overflow 64 
adjacent the other end 65, 

Simplified theory of fluidized beds often assumes 
that the beds are "perfectly mixed 11 . Hence a small 
cluster of particles entering the bed will immediately be 
dispersed. This is one extreme theoretical model. 
Another is so-called "plug flow" in which the cluster of 
solids maintains its identity as it flows through the bed 
in the shortest possible journey. Sometimes "perfect 
mixing" is desirable, sometimes plug flow, and sometimes 
a hybrid- In any event is is always desirable to be able 
to "dial in" whatever level of mixing is required. 

In the first version of the invention, solids leave 
one chamber via the top of the bed ("overflow") and 
re-enter at the bottom ("underflow"), and both chambers 
approximate perfect mixing. 

The "double overflow" system as shown basically in 
Figure 5 opens up the possibility of achieving something 
approaching plug flow in the system using a series of 
baffles as shown in Figure 5. In this situation the 
configuration of the chambers is basically as shown in 
Figure 4 with the addition of staggered baffles 66. This 
forms a tortuous path in each chamber inducing plug flow 
between the baffles as shown by the single arrows in 
Figure 5. The more baffles that are provided the closer 
is the approximation to plug flow. Although the 
configuration shown in Figure 5 incorporates "double 
overflow" it will be appreciated that the return flow 67 
could equally be an underflow return of the type shown in 
Figures 1 to 3 . 

A further configuration using "multiple overflow" 
between baffle chambers is shown diagrammatically in 



10 



15 



20 



25 



30 



- 14 . 01 17634 

Figure 6 having a similar configuration to that of Figure 
5 but incorporating multiple overflow interconnections 
68. The return flow could be by way of "underflow" 69. 
This configuration is particularly applicable to oil 
shale retorting in which the raw feed shale is fed into 
the pyrolysis chamber 62 at 70 and the spent shale is 
withdrawn from the combustion chamber 61 at 71. The 
baffles divide the system into five chambers A. B. C. D 
and E. In chambers A. B. C. and D we have overflow left 
to right as shown in Figure 6 and in chamber E we have 
return underflow right to left. The individual chambers 
can be designed to achieve different circulation rates in 
each chamber; the baffles ensure that the solids are no 
longer perfectly mixed but approach plug flow. 

In practice this means that any temperature profile 
can be achieved in the retort to optimize the yield. 
Thus chamber A might be run at a relatively low 
temperature to protect sensitive species; and the 
temperatures could be increased in the chambers B. C. D 
to drive off all the product. Thus we have the high 
yields associated with high temperature, and the benefits 
of a gradual and controlled temperature increase. 

There is an additional advantage that the approach 
to plug flow achieves: The shale entering the system 
would not be able to pass quickly through the retort (no 
by-passing) and this means the losses associated with 
by-passing would be reduced. 

Similarly in the combustion chamber, the losses of 
carbon fuel on the spent shale would be reduced because 
spent shale could not by-pass the system. 

Hence this system would seem to offer prospects of 
very high yields and very high recovery of the energy 
values on the spent shale. 
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CLAIMS 

1. A method for the pyrolysis of particulate 
material by a continuous process utilising heat medium 
particles in two chambers being a pyrolysis chamber and a 
combustion chamber, each containing a fluidized bed of 
particulate material, wherein the heat medium particles 
are heated in the combustion chamber and are' passed into 
the pyrolysis chamber, heating the particulate material 
and causing the particulate material to give off product 
vapours, characterised by the location of the two 
chambers side-by-side connected by an upper 
interconnection and a return passage, wherein the heat 
medium particles overflow by natural circulation through 
the upper interconnection into the pyrolysis chamber 
where they mix with and heat fresh particulate material 
the heat medium particles and particulate material then 
passing into the combustion chamber and being re-heated 
and re-cycled through the upper interconnection into the 
pyrolysis chamber as heat medium particles, surplus 
particles being removed from at least one chamber to 
maintain a predetermined quantity of particles in the two 
chambers, 

2* A method as claimed in claim 1. wherein the 
heat medium particles and particulate material pass from 
the pyrolysis chamber to the combustion chamber through a 
lower return passage located adjacent the bottom of the 
two respective chambers. 

3, A method as claimed in claim 1, wherein the 
surplus particles are removed from the combustion chamber. 

4. A method as claimed in claim 1, wherein the 
overflow of heat medium particles through the upper inter 
connection is induced by the configuration of the 
combustion chamber. 

5- A method as claimed in claim 1. wherein the 
heat medium particles and particulate material are passed 
from the pyrolysis chamber into the combustion chamber by 
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a second upper inter connection. 

6. A method as claimed in claim 5. wherein the 
flow of particles in the pyrolysis chamber between the 
first upper interconnection and the second upper 
interconnection is controlled to approximate a plug flow 
situation. 

7. A method as claimed in claim 6, wherein a plug 
flow situation is also induced in the combustion chamber 
from the second upper interconnection to the first upper 
interconnection. 

8. A method as claimed in claim 1. wherein a 
movement approximating a plug flow is induced in the 
pyrolysis chamber and wherein a plurality of upper 
interconnections from the combustion chamber to the 
pyrolysis chamber are provided causing heat medium 
particles to be introduced to the particulate material in 
the pyrolysis chamber at various stages in the plug flow. 

9. A method as claimed in claim 8. wherein plug 
flow is also induced in the combustion chamber causing 
heat medium particles to be transferred to the pyrolysis 
chamber from various selected phases of the plug flow in 
the combustion chamber. 

10. Apparatus for the pyrolysis of particulate 
material by a continuous process utilising heat medium 
particles, said apparatus comprising two chambers being a 
pyrolysis chamber and a combustion chamber, each being 
provided with means to maintain a fluidized bed of 
particulate material therein, characterised by the 
location, of the chambers side-by-side with an upper 
interconnection between the chambers so positioned in 
conjunction with the configuration of the combustion 
chamber that particles heated in the combustion chamber 
overflow through the upper interconnection into the 
pyrolysis chamber, feed means arranged to feed controlled ; 
amounts of fresh particulate material into the pyrolysis 
chamber, a return passage from the pyrolysis chamber to 
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the combustion chamber shaped and positioned for 
circulation of particles between the chambers through the 
upper interconnection and the return passage, and removal 
means arranged to remove surplus particles from at least 
one chamber to maintain a predetermined quantity of 
particles in the two chambers. 

11. Apparatus as claimed in claim 10, wherein the 
return passage is located in the lower part of the two 
chambers . 

12. Apparatus as claimed in claim 10. wherein the 
removal means is located in the combustion chamber. 

13. Apparatus as claimed in claim 10, wherein the 
combustion chamber is shaped with at least one upwardly 
inwardly converging side wall causing an upward 
acceleration of the fluidizied particulate material 
therein toward the first upper interconnection. 

14. Apparatus as claimed in claim 10, whereia the 
side wall of the pyrolysis chamber below the first upper 
interconnection is provided with an inwardly upwardly 
sloping wall arranged to promote the upward movement of 
particulate material and entrain gas bubbles causing 
particulate material entering the pyrolysis chamber 
through the first upper interconnection to be entrained 
in an upward movement for circulation and mixing within 
the pyrolysis chamber. 

15. Apparatus as claimed in claim 10, wherein the 
upper interconnection incorporates a downwardly facing 
chute. 

16. Apparatus as claimed in claim 10. wherein the 
return passage comprises a second upper interconnection 
at a location remote from the first upper interconnection. 

17. Apparatus as claimed in claim 16. wherein a 
plurality of baffles are provided in the pyrolysis 
chamber between the first upper interconnection and the 
second upper interconnection, arranged to induce an 
approximate plug flow situation in the pyrolysis chamber. 
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18. Apparatus as claimed in claim 10. wherein a 
Plurality of baffles are provided in the pyrolysis 
chamber, dividing that chamber into a plurality of 
sub-chambers, and inducing an approximate plug flow 
situation from one sub-chamber to the next, wherein a 
Plurality of upper interconnections are provided from the 
combustion chamber into respective said sub-chambers 
allowing heat medium particles to be introduced to the 
particulate material in the pyrolysis chamber at various 
stages in the plug flow therein. 
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